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Abstract: Fluctuations in residential building activity are becoming progressively more intense
over time and space in advanced economies and especially in Europe, fueling real estate market
segmentation and making the performance of the construction industry increasingly unpredictable.
If non-linear urbanization paths are the result of economic downturns consolidating progressively
more volatile real estate markets, the present study investigates the impact of recent building
cycles on long-term urban expansion in a Mediterranean city (Athens, Greece), using multiple
clustering techniques run on a large set of building activity and socio-demographic indicators.
Changes over time in building activity were evaluated considering 12 spatially-explicit indicators
derived from the analysis of building permits released by Greek municipalities between 1990
and 2017. By referring to different analysis’ scales (macro-scale: settlements, meso-scale: buildings,
micro-scale: dwellings), indicators allow a comprehensive investigation of multiple dimensions and
characteristics of construction markets at four-time intervals of 7 years each (1990–1996, 1997–2003,
2004–2010, 2011–2017). Spatio-temporal variability in building activity was further investigated
considering 12 contextual indicators assessing the basic socio-demographic attributes of local
municipalities. Cluster analysis allows identification of distinctive, local-scale responses of real
estate markets to economic cycles (expansion–stagnation–recession) in both short- and long-term
horizons and relate them to the dominant socio-demographic context. Density of new buildings,
average floors per new building, density of buildings’ additions and number of building permits per
inhabitant were found to be the most sensitive indicators to economic downturns in the study area.
Infrastructure-driven development, as a result of the 2004 Olympic Games, has produced relevant
short-term alterations in residential construction markets, complicating urbanization trends at the
local scale. Multi-scale indicators from building permit records provide a useful insight in the
diachronic mechanisms of urban growth, with implications for regional planning and design of
sustainable development practices.
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1. Introduction

Having a measurable impact on land-use efficiency and urban sustainability, real estate is
one of the largest economic activities worldwide influencing settlement morphology and shaping
built environments [1]. Empirical evidence indicates that building activity in metropolitan areas is
following increasingly complex and non-linear paths, becoming progressively less influenced by
traditional economic forces (agglomeration factors) oriented along the urban gradient and being more
associated with demographic dynamics, migration, gentrification, accessibility and cultural/natural
attractiveness [2]. With the sequential urban phases observed since the 1990s, real estate markets
became increasingly volatile and segmented, contributing differently to urban and metropolitan
change [3]. By this way, non-linear fluctuations in real estate development have been frequently
associated with discrete changes driving settlement densification or dispersion [4].

While sources of temporal fluctuations in real estate development were sometimes investigated
using multidimensional approaches [5], the relationship between local construction markets and the
related economic, social and political contexts was poorly studied and may still require an in-depth
exploratory data analysis with the aim to ascertain the importance of spatio-temporal variations
in residential building activity as an indirect response to economic cycles and socio-demographic
transformations at local scale [6]. Building activity has been demonstrated to reflect economic
downturns, displaying local attributes that alter the timing of expansion and decline. For instance,
fluctuations in building activity at both country and regional scales have been observed before and after
economic recessions, with differential impacts on land development. These changes have frequently
produced spatial outcomes reflecting a rapid evolution of urban forms and metropolitan structures
at large [7]. However, identification of real estate sub-markets based on a characteristic profile of
building activity (e.g., in terms of density, vertical profile, dwelling size and volume) has been less
explored in advanced economies [8–10]. With this perspective in mind, research linking local-scale
mechanisms of urban (and economic) expansion and socio-demographic transformations with real
estate development paths and segmentation in construction markets is increasingly required to provide
interpretative frameworks that may reconnect long-term and short-term changes in metropolitan
spatial structures [11].

European cities represent relevant examples of the inherent transformations of construction
and housing patterns that reflect changes in societies and regional economic systems over recent
decades [12]. However, urbanization patterns and processes across Europe were (and still are)
characterized by a relevant spatial heterogeneity [13–15]. For instance, earlier studies have evidenced
the specificity of Southern European urban areas compared with northern and western counterparts as
far as real estate development, housing and construction patterns, planning regulations and settlement
informality are concerned [16–20]. Although with different intensity, family-oriented welfare regimes
coupled with a substantial lack of housing policies had a pivotal influence on recent urban expansion
in Mediterranean Europe [17,21,22].

In Spain as in Italy, in Greece as in Portugal, home equity was frequently considered a financial
buffer, leveraging high rate of home-ownership even among middle-low class households [23].
Land ‘legalization’, continuous revisions of rent level, changes in the building code, and industrial
decline, together with bureaucratic inertia, clientele politics and pressures by landowners characterized
Mediterranean urbanization, at least up to the early 1990s [24–27]. These conditions implied
a continuous and semi-dense urban expansion into fringe land [28]. Fostering a compact growth
of residential settlements around central cities in several metropolitan regions, this development
pattern has de facto consolidated the existing mono-centric model, depressing the latent potential to
polycentrism, e.g., discouraging growth of employment sub-centers physically distinct from central
cities [29–31]. In other words, the expansion of large Mediterranean cities is increasingly reflective of
more general cyclic waves of urbanization, suburbanization and re-urbanization typical of transitional
social contexts increasingly sensitive to economic cycles [28].
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Based on these premises, further research is needed to investigate the role of economic cycles
in shaping recent urbanization patterns and processes in southern European metropolitan areas
experiencing sequential phases of expansion and decline that culminated in the 2007 financial crisis [32].
By verifying the hypothesis that non-linear urbanization paths are the result of sequential phases of
economic growth and decline, this study proposes a spatial analysis of building activity over multiple
time scales in a Mediterranean city (Athens, Greece), as a case example of sequential economic cycles
since the early 1990s [18,23–25,27,31]. Athens is a representative case of complex, non-linear expansion
paths in southern European cities, attracting multidisciplinary studies and giving room to contrasting
interpretations on the relationship between urbanization, economic cycles and socio-demographic
local contexts [15,21,22,28,33–35].

Our approach was based on the notion of ‘urban trajectories’ across various spatio-temporal scales
and metropolitan dimensions [36]. While long-term trajectories of urban systems were investigated
using heuristic methodologies grounded on the assessment of one or few urban components [37],
the present study proposes a multidimensional framework evaluating long-term changes in building
activity and the resulting impact on urban expansion and metropolitan spatial structures. The analysis
was grounded on a vast set of quantitative indicators derived from quantitative information on building
permits released by Greek municipalities. Building permits data disaggregated at the municipal
scale are demonstrated to represent different spatial and functional dimensions of urban growth in
an effective and simple way [38], allowing the identification of local-scale responses of the construction
industry to economic cycles under place-specific housing and socio-spatial patterns.

2. Methodology

2.1. Study Area

The area investigated in this study includes the mainland part of the administrative region of
Attica (3000 km2) including Athens, the capital of Greece, and the Piraeus’ harbor, together with
the island of Salamina, whose population mainly commutes into the greater Athens’ area. The area
consists of nearly 30% flat land (including Greater Athens, Messoghia, Marathon and Thriasio plains),
20% upland and 50% mountainous land (Parnitha, Penteli, Imitos and Egaleo mountains) administered
by 114 municipalities and local communities each releasing building permits, of which 58 municipalities
form the greater Athens’ area (430 km2). Since the early 1950s, Attica concentrated more than 30%
of Greek population, hosting 3.8 million inhabitants in 2011 (1248 inhabitants/km2) with an annual
growth rate stabilizing at 0.2% after decades of uneven demographic expansion with annual rates
persistently above 2%.

2.2. Elementary Building Permit Data

Municipal data encompassing 27 years between 1990 and 2017 were derived from the annual
census of all issued residential building permits (of any kind and value) in Greece carried out by the
Hellenic Statistical Authority (ELSTAT). The survey was held in co-operation with local administrative
authorities that collect on a yearly basis questionnaire on the building activity compiled by professional
engineers in the Town Planning Offices that release the building permits. Surveyed variables include
number of new buildings and/or building additions, and the related surface area and volume,
including public and private properties. Using data at the spatial level of municipalities allows
full comparability along the study period. To identify differential spatial trends in building activity
across short- and medium-term intervals, the study period was partitioned into four-time intervals
of 7 years.

2.3. Building Activity Indicators

Following earlier studies [38], a vast set of indicators was derived from building permits released
by Greek municipalities situated in the study area with the aim to provide a comprehensive picture
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of long-term building activity in Athens, (i) identifying relevant analysis’ dimensions at local scale
and (ii) linking urban morphology with economic cycles at regional scale. Dimensions of urban
growth investigated in this study include (i) the city’s vertical profile; (ii) the city’s horizontal
profile; (iii) house size preferences; (iv) greenfield/brownfield development (i.e., regeneration and
re-use of urban spaces); (v) land consumption and (vi) urban centrality (e.g., competitiveness among
municipalities in releasing building permits as a proxy for economic attractiveness of public/private
investments and primary/secondary residences).

A total of 12 indicators were derived from elementary data previously described and calculated
by aggregating the building permits issued in each time interval studied at the municipal scale.
The selected indicators provide a diachronic assessment of average characteristics and typology of
buildings (Table 1).

Table 1. Description of the indicators derived.

Description Acronym Unit

Average number of floors (new buildings) avg_flo_new
Average number of floors (building additions) avg_flo_ext
Average surface area of new buildings avg_sur_new m2

Average surface area of building additions avg_sur_ext m2

Authorized dwellings >2 rooms in total dwellings dwel3+ %
Number of new dwellings per 1000 inhabitants dwel_pop
New building permits in the total stock of released permits new_pe%
Ratio of additions-to-new buildings volume vol_ext_new
Surface of new building permits in total urban area sur_new_urb %
Surface of building additions in total urban area sur_ext_urb %
Density of permits released for new buildings pe_new_sup Build/km2

Density of permits released for building additions pe_ext_sup Build/km2

Resident population and land surface for each municipality of the study area were derived from
data collected on the behalf of the national censuses of population and households held by ELSTAT
in 1991, 2001 and 2011. For each time interval, the spatial distribution of each indicator was mapped
using shapefiles of municipal boundaries provided by ELSTAT.

2.4. Background Indicators

Background indicators were calculated at the same spatial scale with the aim of profiling
the territorial and socioeconomic local context characterizing each municipality of the study area.
Indicators included topographic and territorial metrics of (i) elevation; (ii) proximity to the sea
coast line; (iii) municipal area; as well as (iv) a climate quality index; (v) a soil quality index and
(vi) an indicator measuring number of years after approval of the first town plan (0 means no plan
still approved, 2017 was considered the reference year for calculation). The linear distance of each
municipality from the centroid of 6 urban centers (Athens, Piraeus, Maroussi—the municipality hosting
the new Olympic Stadium, Markopoulo Messoghias—a municipality close to the international airport
and acting as the center of the rapidly-expanding Messoghia suburban district, Aspropyrgos—an
economic centre in western Attica—and Oropos—a rural center in northern Attica) was also calculated,
producing other six indicators (vii–xii). Distances were calculated by computing polygon centroids
with ArcGIS 9.3 package (ESRI Inc., Redwoods, CA, USA).

2.5. Data Analysis

Building activity indicators were analyzed using a mix of multivariate (hierarchical clustering,
k-means clustering) and inferential (non-parametric correlations) statistical techniques. Descriptive
statistics were calculated for all the time windows illustrated in Section 2.3. Maps of relevant indicators
were finally prepared.
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2.5.1. Hierarchical Clustering

Hierarchical clustering (HC) is a statistical approach aimed at deriving a cluster hierarchy from
a data matrix. Most clustering techniques use specific metrics that quantify the distance among pairs
of elements and a linking criterion that specifies the dissimilarity of two sets of elements (clusters)
as a function of the similarity (measured with an appropriate geometric distance) among elements
in the two sets. The choice of an appropriate metric influences the shape of the clusters, since some
elements can be closer by using one distance and more distant by using another. Among the most
common metrics, the Euclidean distance implemented with Ward’s agglomeration rule has been
used to derive classification trees (dendrograms) from a data matrix composed of 12 (standardized)
indicators of building activity at the spatial scale of municipalities (n = 115). Dendrograms were used
to graphically assess similarity (or divergence) in the spatial distribution of building activity indicators
separately for each investigated time interval [39]. Analysis’ variables were standardized prior to
clustering. Indicators assuming a similar spatial pattern clustered together in the same dendrogram
branch. Homogeneous variables were identified using a similarity threshold at 60% linkage distance.

2.5.2. K-Means Clustering

Real estate market segmentation may be achieved by applying cluster techniques that allow
identification of homogeneous sub-markets based on specific metrics of building activity [40–44].
Due to its inherent limits, complexity and heterogeneity, urban real estate markets can be segmented
into sub-markets by analyzing consistent associations among performances (characteristics) and
economic attributes [45–47]. Related to the real estate market, cluster analysis was applied
for several purposes, e.g., to represent the relations among real estate prices and urban
transformations [40,46,48,49]. In our case, identification of real estate sub-markets based on building
activity metrics may provide further information on latent mechanisms of urban growth during
economic expansion and recession.

The K-means technique is a clustering algorithm that allows partition of a set of objects into K
groups based on their attributes, intended as individual elements of a vector space. In the present
work, a k-means clustering was run separately for each time interval studied on the same data matrix
illustrated in Section 2.5.1, with the aim to identify real estate sub-markets (and their changes over
time) based on the analysis of building activity indicators. Municipalities were partitioned in four
groups, according to the optimal partition defined using the cubic clustering criterion. For each cluster
and time interval, average and standard deviation of each indicator were calculated. Characteristic
indicators for each cluster were defined when the related standardized value assumes values higher
than |1|. Maps also were prepared to illustrate cluster’s membership of each municipality in the
study area.

2.5.3. Non-Parametric Correlations and Two-Way Joining

Maps were used to illustrate spatial variations in building activity over time. A non-parametric
Spearman rank correlation analysis (CA) was used to investigate pair-wise relationships between
indicators of building activity and a set of contextual indicators profiling municipalities according
to background territorial and socioeconomic conditions (see Section 2.3), testing for significance at
p < 0.05 after Bonferroni’s correction for multiple comparisons.

An overall analysis was also carried out by calculating the percentage of significant correlations
in total comparisons by (i) building activity indicators (n = 12); (ii) contextual indicators (n = 12);
and (iii) time periods (n = 4). A two-joining clustering run on a data matrix constituted of pair-wise
Spearman rank coefficients between building activity and contextual indicators was finally adopted
with the aim of summarizing results of the correlation analysis. Two-way joining is a multivariate
technique analyzing two-dimensional data matrices under the assumption that both cases (building
activity) and variables (contextual indicators) contribute to the uncovering of meaningful latent
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patterns. Two-way clustering produces a graph ordering cases and variables based on similarity
patterns. This graph illustrates the distribution of standardized scores (with zero-average) for each case
and variable using different colors. Identification of similar (positive or negative) scores for a group of
variables and cases allows definition of specific clusters.

3. Results

3.1. Descriptive Analysis

Figure 1 illustrates the spatial distribution of four indicators of building activity investigating
urban dynamics at settlement scale. Such indicators outline a radio-centric expansion of Athens,
with variable intensity according to the studied time interval. The highest intensity of urban growth was
observed during the first time period (1990–1996), maintaining relatively high in the two subsequent
time intervals (1997–2003 and 2004–2010). The last interval (2011–2017) was characterized by moderate
settlement growth in suburban areas and a slight recovery of building activity in central districts,
mainly driven by building expansion rather than new constructions.

Analysis of buildings’ characteristics (Figure 2) corroborates the assumption of a recent
radio-centric expansion with variable intensity and spatial direction over time, justifying a diachronic,
local-scale analysis of building activity in Athens. Vertical profile of buildings consolidated
a center–periphery gradient at all time intervals. The number of dwellings per building was an honest
indicator of urban centrality during both economic expansion and crisis. Conversely, the spatial
distribution of volume-to-surface building ratio was used to outline suburban locations—mainly
in western Attica during periods of economic expansion, decreasing with the most recent recession.
The number of buildings per surface area was likely the most variable indicator over space, highlighting
specific peri-urban and rural locations.

Analysis of a dwelling’s characteristics (Figure 3) outlined more evident differences over
time, suggesting a considerable impact of economic downturns on housing preferences. A classical
rural-urban divide was observed for average dwelling size, weakening markedly during the recession.
The spatial distribution of large dwellings may confirm this trend. Concentrating on fringe districts
during economic expansion, building extensions increased in number, surface and volume during
the recession, with a particularly heterogeneous spatial pattern in the Greater Athens’ area and in
western Attica. Finally, the surface-per-floor ratio was oriented along a suburban–urban gradient
during economic expansion and shifted to a more mixed spatial pattern during crisis, reaching the
highest values in central locations (Athens, Piraeus) as well as in some rural places (especially in
western, south-eastern and north-western Attica).
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3.2. Hierarchical Clustering of Indicators and Locations

Hierarchical clustering outlines similarities and divergences in the spatial pattern of building
activity indicators, evidencing a relatively stable structure over time (Figure 4). The cluster located
in the upper part of each dendrogram (including dwellings per building, average number of
floors, the ratio of extension to new building permits and the share of new built-up area in total
municipal land) was constant at all time intervals. As shown in earlier analysis (see Section 3.1
and Figures 1–3), the spatial distribution of such indicators follows a characteristic urban–rural
gradient, reflecting changes in the vertical profile of buildings associated with urban concentration
and densification processes. Composition of a second cluster (lower part of each dendrogram) was
more variable (per capita number of permits and per capita new built-up area), including the share of
dwellings with 3 rooms in total dwellings only during economic expansion (1997–2003 and 2004–2010).
These indicators outline fringe locations with accelerated building activity. In these areas, temporal
variations in building activity were higher during the recession. A central cluster included all the
remaining indicators (at the scale of dwellings or buildings), with marked spatial-temporal fluctuations
reflecting variability in housing preferences and latent trends toward horizontal city growth and
brownfield development respectively during economic expansion and crisis.
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Figure 4. Hierarchical clustering (Euclidean distances, Ward’s agglomeration algorithm) of building
activity indicators in Athens, by time interval (upper left: 1990–1996; upper right: 1997–2003; lower left:
2004–2010; lower right: 2011–2017).

Taken together, cluster analysis identified a gap between urban and rural municipalities with
some relevant exceptions. The right cluster in Figure 5 includes strictly urban municipalities at all time
intervals (Athens is the last municipality in the right side). This cluster includes a relatively constant
number of municipalities for the first (1990–1996) and the second (1997–2003) period. Municipalities
belonging to this cluster increased moderately in the third period (2004–2010) and more evidently
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in the last period (2011–2017) corresponding to economic recession. In this case, some peri-urban
municipalities were clustered together with urban locations. The rural cluster outlined a reverse
pattern, with elements reducing in number from economic expansion to crisis. The sub-cluster at
the left side of each dendrogram was also relatively stable and includes typical suburban locations
growing rapidly during economic expansion. Composition of this sub-cluster changed significantly
with recession, including both rural locations (Oropos), marginal urban locations (Agios Ioannis
Rentis) and some fringe municipalities (Aspropyrgos, Krioneri). This sub-cluster displays specific
characteristics of a suburban real estate market, being particularly sensitive to economic downturns
and showing a more heterogeneous composition than the other clusters.
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3.3. Market Segmentation Using a K-Means Clustering Strategy

A k-means classification of municipalities in the study area (Figure 6) identified an optimal
partition constituted of four clusters changing over time and being characterized by distinctive values
of target indicators (Table 2). Municipalities belonging to cluster 2 were characterized by an ‘average’
behavior as far as building activity is concerned. This cluster includes central locations belonging to
the prefecture of Athens in 1990–1996, more restricted downtown locations (including Athens, Piraeus
and few additional urban municipalities with population density > 10,000 inhabitants) in 1997–2003,
strictly peri-urban locations (mainly—but not exclusively—in Eastern Attica) in 2004–2010 and, again,
central locations corresponding (almost exactly) with the Greater Athens’ area in 2011–2017. Cluster
1 was characterized by positive values of most indicators for the first two periods, declining rapidly
in the subsequent periods, and include fringe locations in both western and eastern Attica with the
highest building activity between 1990 and 2003. Cluster 1 included strictly urban locations during
2004–2010, although only two variables resulted as highly characteristic (dwellings per building and
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average number of floors). The same cluster included strictly rural and some peri-urban municipalities
during 2011–2017. Conversely, municipalities belonging to cluster 3 were relatively neutral regarding
building activity between 1990 and 2003, evidencing a rapid increase in the last two-time intervals.
Up to 2003, cluster 3 included peri-urban and rural locations (more concentrated around the Athens’
fringe during 1997–2003). With economic expansion, cluster 3 identified suburban municipalities
in eastern Attica with accelerated building activity. With recession, the number of municipalities
belonging to cluster 3 was reduced, including few peri-urban locations with above-average building
activity (e.g., Aspropyrgos). Cluster 4 was considered a ‘residual’ group including rural locations with
accelerated building activity during expansion and a consequent slowdown during crisis.
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by time interval (downtown Athens is marked with a star).

Table 2. Descriptive statistics (average and standard deviation) of building activity indicators in Athens
by k-means cluster and time interval (indicators’ abbreviations listed in Section 2.3).

Variable
Cluster 1 Cluster 2 Cluster 3 Cluster 4

Mean SD Mean SD Mean SD Mean SD

1990–1996
Dwellings/build −0.86 0.21 0.96 0.80 −0.78 0.22 −0.66 0.29

Bui surf 1.58 1.47 0.03 0.88 −0.41 0.49 −0.33 0.66
Nro flo −0.79 0.27 0.94 0.83 −0.69 0.22 −0.67 0.33

Vol/surf 1.55 1.93 −0.18 0.35 −0.46 0.23 −0.10 0.94
dwelling size(L) 2.08 2.01 −0.46 0.37 0.17 0.54 −0.04 0.39
3 rooms/dwel 0.87 0.60 −0.25 0.53 0.04 1.15 0.05 1.29

ext/new p −0.55 0.24 0.75 1.14 −0.76 0.15 −0.52 0.25
Surf/flo(ext) 2.29 1.62 −0.37 0.44 −0.04 0.53 −0.14 0.49
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Table 2. Cont.

Variable
Cluster 1 Cluster 2 Cluster 3 Cluster 4

Mean SD Mean SD Mean SD Mean SD

Vol/per(ext) 2.20 2.06 −0.13 0.40 −0.22 0.36 −0.34 0.24
Perm/pop 0.57 0.91 −0.59 0.15 2.52 1.93 0.06 0.38

Built-up/area% −0.35 0.75 0.81 0.82 −0.55 0.55 −0.67 0.61
Built-up/popV 1.61 0.92 −0.67 0.30 1.92 1.19 −0.01 0.50

1997–2003
Dwellings/build −1.04 0.06 0.85 0.62 −0.72 0.28 1.17 0.76

Bui surf 3.26 1.40 0.26 0.89 −0.17 0.59 −0.56 0.31
Nro flo −0.95 0.08 0.77 0.73 −0.70 0.26 1.20 0.79

Vol/surf 3.13 1.46 −0.26 0.63 −0.06 0.83 −0.24 0.27
dwelling size(L) 3.94 1.45 −0.24 0.38 0.04 0.43 −0.69 0.14
3 rooms/dwel 0.79 0.54 0.25 0.73 0.19 0.99 −0.96 0.76

ext/new p −0.20 0.37 0.26 0.65 −0.58 0.53 1.28 1.08
Surf/flo(ext) 3.78 1.61 −0.06 0.54 −0.09 0.52 −0.52 0.27
Vol/per(ext) 3.93 1.14 0.07 0.59 −0.23 0.50 −0.33 0.34
Perm/pop 0.05 0.46 −0.53 0.29 0.48 1.14 −0.70 0.08

Built-up/area% −0.61 0.31 1.09 1.15 −0.50 0.60 0.23 0.67
Built-up/popV 2.42 1.86 −0.46 0.29 0.28 0.87 −0.74 0.14

2004–2010
Dwellings/build 1.01 0.74 −0.66 0.42 −0.44 0.61 −1.04 0.04

Bui surf −0.28 0.30 −0.05 0.48 1.90 2.75 −0.32 0.15
Nro flo 1.03 0.81 −0.65 0.32 −0.64 0.45 −0.82 0.12

Vol/surf −0.26 0.41 −0.14 0.76 2.25 1.75 −0.20 0.24
dwelling size(L) −0.37 0.17 0.03 0.36 1.66 3.05 0.03 0.19
3 rooms/dwel −0.82 0.82 0.54 0.69 0.32 0.83 0.89 0.69

ext/new p 0.71 0.95 −0.54 0.63 0.39 0.77 −1.21 0.35
Surf/flo(ext) −0.20 0.48 −0.27 0.35 2.66 1.85 0.06 0.17
Vol/per(ext) −0.19 0.29 −0.27 0.23 2.66 2.17 −0.03 0.13
Perm/pop −0.51 0.06 0.12 0.55 −0.09 0.46 4.21 1.99

Built-up/area% 0.80 0.83 −0.51 0.75 −0.46 0.76 −0.70 0.21
Built-up/popV −0.56 0.11 0.00 0.50 1.31 1.50 3.38 1.44

2011–2017
Dwellings/build −0.67 0.36 0.89 0.86 −1.09 0.19 −0.64 0.19

Bui surf −0.23 0.56 −0.12 0.59 4.23 2.93 0.51 0.68
Nro flo −0.60 0.47 0.80 0.95 −0.61 0.30 −0.69 0.30

Vol/surf −0.23 0.42 −0.15 0.39 3.63 4.18 0.88 1.13
dwelling size(L) −0.07 0.39 −0.31 0.38 5.19 2.29 0.36 0.44
3 rooms/dwel 0.24 1.08 −0.36 0.90 0.60 0.45 0.36 0.52

ext/new p −0.61 0.43 0.70 1.06 −0.43 0.66 −0.19 0.61
Surf/flo(ext) −0.24 0.43 −0.19 0.34 4.76 2.57 0.76 0.91
Vol/per(ext) −0.22 0.39 −0.19 0.30 3.68 4.34 0.99 1.01
Perm/pop 0.03 0.37 −0.34 0.12 −0.10 0.30 1.57 2.89

Built-up/area% −0.61 0.40 0.62 1.09 0.82 0.94 −0.18 0.79
Built-up/popV −0.17 0.28 −0.30 0.21 0.83 0.67 2.11 2.46

3.4. Non-Parametric Correlation Analysis of Background Local Contexts

Background indicators associated with building activity were illustrated in Figure 7. Considering
the total number of pair-wise correlations analyzed in this study, indicators associated with settlement
structure and building attributes were more frequently correlated with the underlying socioeconomic
context than indicators associated with a dwelling’s characteristics. Average number of floors per
building, dwellings per building and the percent share of built-up area in total municipal area were
the indicators showing the largest number of significant pair-wise correlations, around 80% of total
comparisons. The same pattern can be observed for background indicators: distance from Athens,
Piraeus, and Aspropyrgos, as well as municipal area and elevation, were significantly correlated
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with building activity indicators in more than 50% of cases. Climate quality index, soil quality index
and proximity to the sea coast line were not associated with building activity. Finally, significant
correlations were more frequently observed during 1990–1996 (49%), declining slightly in the following
two periods (economic expansion), and decreasing more evidently during recession (33%).
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lower left: 2004–2010; lower right: 2011–2017).

Background indicators showed a correlation profile with building activity changing quite rapidly
over time (Figure 8). The most evident relationships were observed between specific macro-scale
characteristics of settlements (e.g., horizontal or vertical growth) and variables quantifying population
density and urban concentration. In other words, these results evidence the role of the mono-centric
model (typical of Athens’ expansion) in shaping macro-level patterns of building activity in recent times.
By contrast, micro-scale attributes of building activity, mainly associated with dwelling characteristics
and the interplay between extensions and new buildings at the local level were less correlated with
territorial variables and more heterogeneously distributed over space (Table 3). It seems reasonable to
assume that such indicators were more likely influenced by socioeconomic patterns and processes not
directly associated with urban agglomeration factors, including local disparities in wealth and income,
social segregation and filtering, gentrification, migration and population ageing [6,22,35,50,51].
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Figure 8. Percent share of significant correlations (based on Spearman non-parametric analysis, Table 2
and Figure 7) in total comparisons by building activity indicator (upper left), background indicator
(lower left) and time interval (right).

Table 3. Spearman non-parametric coefficients identifying significant relationships (p < 0.05 after
Bonferroni’s correction) between building activity indicators and contextual indicators (municipal scale)
in Athens, by time period.

Variable Years Ele dAth dPir dMar dMak dAsp dOro Area Plan

Dwellings/build 1990–1996 −0.36 −0.81 −0.78 −0.53 −0.34 −0.43 0.31 −0.58 0.35
1997–2003 −0.40 −0.78 −0.77 −0.51 −0.41 −0.58 0.33
2004–2010 −0.43 −0.79 −0.80 −0.51 −0.47 −0.56 0.36
2011–2017 −0.73 −0.66 −0.52 −0.41 −0.53

Bui surf 1990–1996 −0.39
1997–2003
2004–2010
2011–2017

Nro flo 1990–1996 −0.35 −0.85 −0.78 −0.59 −0.37 −0.41 −0.58 0.33
1997–2003 −0.38 −0.83 −0.80 −0.57 −0.36 −0.41 −0.60 0.34
2004–2010 −0.45 −0.83 −0.80 −0.55 −0.34 −0.43 −0.60 0.34
2011–2017 −0.31 −0.81 −0.71 −0.60 −0.36 −0.37 −0.56

Vol/surf 1990–1996
1997–2003
2004–2010
2011–2017

dwelling size(L) 1990–1996 0.31 0.39 0.50 −0.44
1997–2003 0.37 0.41 0.50 0.35
2004–2010 0.34 0.56 0.59 0.37 0.43
2011–2017 0.33 0.33

3 rooms/dwel 1990–1996 −0.61
1997–2003 0.32 −0.51
2004–2010 0.39 0.49 0.55 0.30 −0.43 −0.35
2011–2017

ext/new p 1990–1996 −0.38 −0.78 −0.85 −0.39 −0.62 0.31 −0.50 0.41
1997–2003 −0.43 −0.57 −0.73 −0.50 0.40 −0.37 0.32
2004–2010 −0.47 −0.62 −0.51 −0.33
2011–2017 −0.55 −0.57 −0.37 −0.51 −0.38
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Table 3. Cont.

Variable Years Ele dAth dPir dMar dMak dAsp dOro Area Plan

Surf/flo(ext) 1990–1996 0.39 0.34
1997–2003
2004–2010
2011–2017

Vol/per(ext) 1990–1996 −0.41
1997–2003
2004–2010
2011–2017

Perm/pop 1990–1996 0.42 0.73 0.74 0.33 0.49 0.46 −0.37
1997–2003 0.44 0.64 0.67 0.42 0.47
2004–2010 0.47 0.64 0.64 0.30 0.42 0.53
2011–2017 0.41 0.63 0.65 0.38 0.46 0.61

Built-up/area% 1990–1996 −0.39 −0.78 −0.72 −0.68 −0.57 −0.72 0.35
1997–2003 −0.38 −0.78 −0.72 −0.66 −0.59 −0.68 0.42
2004–2010 −0.42 −0.79 −0.75 −0.62 −0.57 −0.71 0.42
2011–2017 −0.36 −0.71 −0.65 −0.59 −0.51 −0.54 0.30

Built-up/popV 1990–1996 0.45 0.61 0.64 0.37 0.42
1997–2003 0.41 0.51 0.52 0.46
2004–2010 0.44 0.63 0.59 0.35 0.34 0.55
2011–2017 0.36 0.46 0.46 0.54

4. Discussion

A combination of statistical information with theoretically informed analysis allows identification
and understanding of complex development paths typical of contemporary metropolitan regions.
As a result of differential spatial patterns of building activity, the present study defines and discusses
the recent building cycles observed in a Mediterranean city, proposing new indicators and operational
approaches for a better comprehension of non-linear mechanisms of urban growth.

Building activity indicators are a powerful informative base allowing identification of long-term
urbanization patterns [32]. In this perspective, analysis of spatio-temporal variations in building
activity driven by economic cycles supports a comprehensive interpretation of non-linear growth
waves in contemporary cities [52]. By analyzing together spatial changes in building volume/surface
and dwelling characteristics, the empirical results of this study provide an enriched assessment of the
intensity and direction of recent urban growth, inferring transformations in vertical/horizontal profile
of cities and changes in the socioeconomic characteristics of a resident population [38]. The dimensions
evaluated in this study using variables derived from individual building permits released by local
municipalities (Section 2.3) allows identification of distinct cycles reflecting (i) changes in housing
preferences; (ii) the distinctive role of private and public agents and, finally; (iii) economic recession.

By analyzing spatially-disaggregated data, building activity was considered as a result of distinct
urban cycles in Attica. These cycles were characterized by sequential waves of mixed semi-dense and
dispersed urbanization coinciding with (i) a slow decline in country’s interest rates and planning
deregulation during the 1990s; (ii) discontinuous urban growth that culminated in the ‘building boom’
following the announcement of the 2004 Olympic Games and, finally; (iii) economic recession with
highly variable construction patterns and declining housing markets [53]. These phases impacted
building activity in different ways, shaping housing characteristics and the spatial distribution of
settlements [15,33,35]. In this line of thinking, an exploratory analysis of building activity indicators
provides a comprehensive picture of long-term and short-term changes in construction patterns and
the resulting outcomes in terms of urban morphology and functional characteristics of metropolitan
regions [54]. Based on bibliographic evidence and the results of this study, building activity was
influenced in a different way by local paths of economic development, demographic size of
municipalities, immigration, and a weak planning system [18,21,22]. The decline of traditional industry
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and restrictions on the construction of new buildings increased the demographic shrinkage of Athens
and other major centers in the area [24].

Diverging responses to economic cycles were observed in urban and rural municipalities, giving
rise to heterogeneous spatial patterns of building activity [23]. The most recent processes of urban
expansion may finally indicate a trend toward urban containment and economic spatial re-balancing
in rapidly-changing peri-urban districts [28]. At the same time, several indicators pointed out
a differentiation in building activity between urban municipalities (mitigating recession impact)
and rural municipalities (responding faster to expansion waves). Fringe municipalities showed
intermediate and highly variable levels of building activity over time, outlining a huge diversification
in construction patterns at the local scale, more evident during recession [34].

The results of this study indicate that building activity responded to economic cycles more
evidently during transitional urban phases (e.g., at both the beginning and the end of the 2000s
building boom) as well as in local contexts characterized by a high proportion of residential settlements,
low population density and a large availability of buildable land including cropland. Such results
are in partial agreement with earlier works [32,52,55]. In these regards, our analysis provides, for the
first time, a multivariate, diachronic assessment of local-scale construction patterns and real estate
market characteristics, defining multiple responses of building activity to urban cycles. These results
may finally suggest how building activity was more sensitive to recessional impacts in urban centers,
showing a moderate dynamism in peri-urban and rural contexts, as already observed in other European
contexts [9,33,39,56].

Growing income disparities, diversification of housing supply, and selective population mobility,
have resulted in a (more or less latent) evolution of local construction markets, together with increasing
socio-spatial diversification [57]. In this line of thinking, metropolitan expansion—although being
influenced by town plan’s prescriptions—seems to be even more related to housing preferences
during the 2007 recession than in the phase of economic expansion boosted by the 2004 Olympic
Games. In line with earlier evidence [23], the modest impact of social housing on local real estate
markets in Mediterranean Europe may consolidate the role of housing preferences, promoting social
diversification at the spatial scale of urban districts [6,21,58].

The empirical results of this study finally contrast with the widely accepted cyclical urbanization
model [59–61], considered a pertinent approach to assess future stages of European urban
development [38]. This study argues that individual urban entities (municipalities) do not show a single
evolutionary stage of urban development, experiencing instead a coexistence of suburbanization and
re-urbanization waves, driven by a complex mix of socioeconomic forces [57]. While development
strategies and land-use policies may have prominent impacts on land expansion, socioeconomic
factors remain relevant forces shaping spatio-temporal variations in building activity [7,58,62–68].
Furthermore, the work revealed a lack of clearness on building permits, since it is not possible to know
the applicants or recipients of building permits available to link them to the debate on urban models
or development. Due to this constraint, this work therefore offers an additional cue for future research.
In addition, the development of a building typology to be used as a reference point or baseline against
which changes can be evaluated against benchmarks is not well specified. Even a reflection on this
topic represents a potential opportunity for improvement and further research.

The present work adopted local-scale indicators derived from building permit data providing
insight in the multi-temporal analysis of urban growth, with implications for regional planning and
design of sustainable development practices. Focusing on land-use legacies and transient dynamics in
the response of urban systems to economic expansion and recession, future studies can be devoted to
ascertaining the relationship between different spatial patterns of building activity during economic
expansion and recession and the sustainable development path in originally compact cities such as
Athens. In this regard, our study provides preliminary evidence of a more concentrated, land-saving
urban development during recession—likely more oriented toward brownfield development. Further
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investigation is, therefore, required to assess direction and intensity of urban transformation and their
implications for a truly sustainable development path at the metropolitan scale.

5. Conclusions

Under the assumption that contemporary cities are expanding in a spatially complex, non-linear
manner, a spatially-explicit diachronic analysis of building activity is key to understanding the
effects of urbanization on the distribution of socioeconomic functions in urban landscapes. Building
activity indicators are a powerful informative base allowing identification of long-term urbanization
patterns [32]. The examination of spatio-temporal variations in building activity driven by economic
cycles provides a wide-ranging understanding of non-linear growth waves in contemporary cities
since building activity results in defining distinct urban cycles in Attica region. These cycles were
characterized by sequential waves of mixed semi-dense and dispersed urbanization coinciding
with (i) a slow decline in nation’s interest rates and planning deregulation during the 1990s;
(ii) discontinuous urban growth concluded in the ‘building boom’ succeeding the 2004 Olympic
Games; and (iii) economic downturn with extremely variable building patterns and declining housing
markets. Building activity expressly resulted in responding to economic cycles more clearly during
transitional urban phases, besides local contexts characterized by a high proportion of housing
settlements, low population density and a large convenience of buildable land. These findings
may advise how building activity was more sensitive to negative economic impacts in urban
centers, while a reasonable dynamism was detected in peri-urban and rural contexts. In this sense,
a multi-dimensional investigation based on exploratory techniques may highlight—likely better than
traditional econometric approaches—the importance of land-use legacies and transient dynamics in
the response of urban systems to economic expansion and recession. In this way, the present study
outlined the essential elements of an emerging framework for urban studies that incorporates the
characteristics of recent urbanization under sequential economic cycles and thus empowers economic
actors, policy-makers and stakeholders to understand and intervene in the planning and management
of metropolitan regions.
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